determine the suitability of the QBC-Vet Autoread haematology system for veterinary purposes in domestic and pet animal species. The system determines haematocrit (HCT), haemoglobin (HGB), white blood cell (WBC) count, granulocyte count, combined lymphocyte and monocyte count (L/M), platelet count, as well as eosinophil and neutrophil counts (canine samples only), and reticulocyte count (canine and feline samples only). Linearity assessed for a canine sample usually surpassed the physiological range. Within-batch precision was very good for the majority of the parameters in feline and canine samples: Coefficients of variation (CV) were below 5.5% for HCT, HGB and WBC. In order to test the accuracy of the system with respect to reference methods, a total of 300 blood samples from the Clinics of Internal Veterinary Medicine and Surgery (101 canine, 99 feline and 100 equine) were analysed. Strong linear correlation was demonstrated for HCT, HGB (r>~0.96) and WBC (r~>0.93) based on high correlation coefficients and narrow confidence intervals. A somewhat higher degree of variation from the estimated regression lines was found in differential blood cell counts, especially for eosinophil counts of the dog where the automated reader erroneously attributed some lymphocytes or monocytes to eosinophil counts. Accuracy of the system was also assessed with respect to clinical relevance of results. The majority of leukocytosis (50 of 53), neutrophilias (3 of 4), or eosinophilias (4 of 5) was detected properly by the QBC-Vet Autoread haematology system, but only 20 out of 35 leukopenic samples were identified correctly. The system detected the presence of reticulocytes in the majority of feline (9 of 10) and canine (6 of 7) samples with a regenerative anaemia. Unexpectedly, platelets of cats were measured with high within-batch precision (mean CV = 4.64%). No 'streaming' effect (no discrimination between erythrocytes and granulocytes) was observed with this advanced QBC system. The system was found to be easy both in handling and interpretation of results. The buffy coat profile appeared particularly useful and informative. In conclusion, the QBC-Vet Autoread-System has excellent analytical properties and is well suited for veterinary purposes.
Introduction
Haematology is indispensable to assess the health status of patients in veterinary practice. Analysis must be quick and accurate to be useful. The QBC-Vet haematology system (QBC = quantitative buffy coat) was introduced into veterinary medicine at the end of the 1980s and proved to be useful in veterinary practice (Brown and Barsanti 1988; Fischer et al. 1989; Meister et al. 1990) . Now an advanced model QBC-Vet Autoread haematology system is available (Paul et al. 1994; Knoll and Rowell 1996) . The system has been enhanced with an automated reader and printer, and allows the determination of additional parameters. The system uses a method that relies on the fact that blood cells have a distinct specific gravity, and react differently upon staining with a fluorescing dye (Jackson 1961; Wardlaw and Levine 1983; Sallitt et al. 1985) . The reader gives a profile of the fluorescence intensity (buffy coat profile curve), and calculates the number of cells from the width of the different populations (Knoll and Rowell 1996) . The enhanced version has not yet been extensively evaluated for veterinary use. Therefore, it was the aim of the present study to evaluate the enhanced QBC-Vet Autoread haematology system for canine, feline and equine samples, and to review the benefits of the system for veterinary practitioners.
Materials and Methods

System Description
The QBC-Vet Autoread haematology system (Idexx Inc., Westbrock, ME; distributor Germany: Idexx GmbH, W6rrstadt, distributor Switzerland: Provet AG, Lyssach b. Burgdorf) is an advanced version of the QBC-Vet haematology system (Brown and Barsanti 1988; Fischer et al. 1989; Meister et al. 1990 ). An automatic reader and a printer have been added (Paul et al. 1994; Knoll and Rowell 1996) . The QBC-Vet Autoread haematology system allows the determination of the following parameters: haematocrit (HCT), haemoglobin (HGB), mean cellular haemoglobin concentration (MCHC), white blood cell (WBC) count, granulocyte count, combined lymphocyte and monocyte count (L/M) and platelet (PLT) count. In addition, measurement of eosinophils and neutrophils in canine blood samples is possible. Reticulocytes and nucleated red blood cells in samples of both, dogs and cats, are estimated by the QBC-Vet Autoread haematology system (Knoll and Rowell 1996) .
As with the earlier model, the QBC-Vet Autoread haematology system consists of a microcentrifuge unit, precision bored glass capillaries (diameter 1.683 ± 0.0035 mm; coated internally with acridine orange and potassium oxalate), and cylindrical plastic floats (diameter 1.596 _+ 0.0035 mm, specific gravity 1.055) (Levine et al. 1986 , Fig. 1 ). The specific gravity of the float is similar to that of WBC (Wardlaw and Levine 1983) . Therefore, the float expands the buffy coat after centrifugation of the capillary. Acridine orange stains WBC and platelets (Wardlaw and Levine 1983; Sallitt et al. 1985) . Potassium oxalate osmotically removes water from the erythrocytes, causing their density to increase and their volume to shrink. This enhances the separation of erythrocytes and WBC (Levine et al. 1986; Sallitt et al. 1985) . The QBC-Vet Autoread haematology system also includes a pipette system and an automated reader that determines the fluorescence and width of the various cell bands within the capillary (Knoll and Rowell 1996) . Fluorescence is obtained under rotation of the capillary in blue-violet light. Cells containing deoxyribonucleic acid (DNA) fluoresce predominantly green, whereas ribonucleic acids (RNA), glycosaminoglycane-contain- ing granules, nucleoproteins, lipoprotein (LP) and other cellular substances yield an orange to reddish complex on staining with acridine orange. The intensities of the green and reddish fluorescence are chracteristic for the different cells (Wardlaw and Levine 1983; Sallitt et al. 1985; Levine et al. 1986 ). Numerical results are given as means of eight separate measurements and printed directly (Fig. 2) . In addition, the reference value ranges of the above parameters and a curve of the fluorescence intensity is given for every measurement (Figs 1 and 2 ). For the evaluation we used the software version 3.9. A calibration check of the QBC-Vet Autoread haematology system was performed daily by the software. Adaptation of the QBC-Vet Autoread haematology system to blood samples of different species is necessary to achieve correct results and to refer to the correct reference range. A sample volume of 111 /~1 is used to load the capillary properly. Loading of the capillary with one sample and centrifugation (12400 g, 5 min) take little more than 5 min. Automated reading of the sample takes 90 s. In case of unusual characteristics, numeric results are marked with a flag (#). In addition, annotation is given by the automated reader. Results marked with a flag were excluded from the evaluation. However, results and annotations provide valuable information and hints for practitioners in the field.
Within-Batch Precision
Within-batch precision of the QBC-Vet Autoread haematology system was determined for all three species by twelve consecutive analyses of replicate aliquots of samples with low, intermediate or high WBC counts. Means, standard deviations, and coefficients of variation (CV) were calculated. 
Range of Linearity
Determination of the range of linearity of HCT, HGB, WBC, granulocyte, L/M and PLT counts was accomplished with use of 15 ml of an anticoagulated (EDTA) blood sample. The blood originated from a Labrador dog with pyometra (HCT 34.7%, HGB 7.1 retool/l, WBC 9 9
53.2 x 10/1, PLT 314 x 10/1). In order to examine linearity beyond and below the physiological range, the sample was let stand for half an hour and the plasma was collected. The plasma was centrifuged (10 min at 1500g) to eliminate platelets. The cell-enriched sample was taken as 100%, and the platelet-free plasma was used for serial dilution of the sample. Measurement, calculated dilutions, and the linear regression line of the form y = a + bx were plotted. Subsequently, the range of linearity was determined by visual inspection of the plots.
Accuracy
Accuracy of the QBC-Vet Autoread measurements was examined by comparison of the results with those obtained concomitantly from established laboratory routine methods. WBC and erythrocyte counts, HGB, HCT and MCHC in all samples, and numbers of PLT in canine blood samples were measured by the Contraves 820 Haematology Analyser (Winkler et al. 1995) . In addition, HCT was compared to the packed cell volume obtained from microhaematocrit centrifugation. Platelets of cats and horses were counted manually in the Neubauer improved bright-line haematocytometer chamber (Jain 1986 ). Feline and equine blood samples with anaemia were subject to enumeration of reticulocytes by the brilliant cresyl blue method (Merret tubes, Microgen Bioproducts Limited, Caberley, UK, distributed in Switzerland by Pharma Consulting, Burgdorf) (Jain 1986) . Differential blood cell counts were performed manually on 2 x 100 leucocytes. Blood samples were kindly provided by the clinics of the Departments of Internal Veterinary Medicine and Surgery of the Faculty for Veterinary Medicine. All samples were anticoagulated with the use of K-EDTA. Most of the samples originated from sick animals. In total, 300 blood samples were analysed: 101 samples were canine, 99 were feline, and 100 samples were equine blood samples. Samples were analysed within 3 h after collection.
Data were collected with the Microsoft programs Access and Excel (Version 5.0) and analysed with the Statistics Add-in program Astute (DDU Software, University of Leeds, Leeds, UK). For method comparison studies, the linear regression procedure of PassingBablok, without assumption of unbiased reference methods, normal distribution of measurements or normal distribution of measurement errors, was applied (Passing and Bablok 1983; Eisenwiener et al. 1984; Bablok and Passing 1985; Bablok et al. 1988 ). These calculations, tests and plots were performed on a Evaluation of the QBC-Vet Autoread Haematology System III personal computer with the original software (Version 2.02, 1994) kindly provided by the authors (Eisenwiener et al. 1984) . Linear regression of the form y = a + bx were calculated with intercept and slope and their respective confidence intervals as well as Pearson's rank correlation coefficients. Linearity of the correlation was tested by a cumulative sum test of differences between the respective measurements (CUSUM). Subsequently, equality of methods was tested for the identity of the regression line with the bisector of the angle (i.e. a= 0 and b = 1). Equality of methods was accepted for p ~<0.05. Finally, the random distribution of measurements was analysed.
Results
Enhanced QBC System
The enhanced QBC-Vet Autoread haematology system gives, together with the numeric results, a curve of the fluorescence intensity of the cells (buffy coat profile curve, Figs 1 and 2 ). This curve gives important information on the analysed sample, the different cell types, and how the system managed the sample. As a first step, the curve was inspected visually to ascertain the correctness of the measurement. For example, aggregated platelets that are stuck at the end of the float lead to underestimation of the PLT count. However, they are easily recognised in the curve as a peak of the RNA/LP fluorescence intensity (Fig. 3) . From a total of 300 blood samples, platelets in 59 samples (26 canine, 32 feline and one equine) were aggregated. The reader quoted such platelet results as '> x platelets'. Secondly, the profile indicates the position of borders between different cell types as set by the automated reader. In some blood samples, it was not possible for the reader to determine the proper position of borders. In the majority of these cases, the automated reader recognised such problems correctly, and a flag (#) and an annotation was set. Only in six of 300 cases (2%), did the reader misinterpret the profile due to unusual characteristics of the sample. Upon visual inspection of the curves, these six samples were readily recognised as being erroneously interpreted by the reader. The six samples originated from four cats and two dogs, two of whom were suspected to suffer from a tumour, and one dog with a parvovirus infection and a low WBC count (1.1 x 109/1). Finally, interesting details about the sample such as reticulocytes or nucleated red blood cells are indicated by the profile (Fig. 4) . 
Within-Batch Precision
Results of the within-batch precision determination are compiled in Table 1 (canine samples), Table 2 (feline samples) and Table 3 (equine samples). Overall, precision for equine and canine samples was superior compared to feline samples. However, variation coefficients were below 5% for HCT, HGB and MCHC in all three species. Equine and canine samples also yielded low CV for WBC and for some leucocyte subpopula- tions, whereas for the WBC of the feline blood, the CV were mainly between 5% and 10%. Precision determination for platelet counts yielded a CV up to 7.52% for equine samples, and a CV up to 26.78% for the canine samples. In contrast, CV for platelet counts in feline sample were very good (3.53%-5.50%).
Range ofLineari~
Linear correlation of measurements of the serially diluted canine sample with the calculated dilution was documented for all investigated parameters, except for PLT counts (Table 4 ). The range usually extended beyond and below the physiological range. In the canine sample chosen for the determination of linearity, the reader erroneously assigned L/M cell populations to eosinophils. Therefore, the L/M fraction was underestimated in the dilutions of 30% and 50%. The percentage of eosinophils in this sample was found to be very low (2%) determined by manual differential blood cell count on the starting concentration. Therefore, eosinophils were not detected in the dilutions of 10%, 20%, 40% and 60% to 100% by the autoreader. Platelet counts of the serially diluted sample significantly deviated from linearity, as was expected based on the general difficulties when platelets are manipualted. There was a very small decrease in platelet count with increased sample dilution despite proper centrifugation. MCHC in feline and equine samples (Tables 5 and 6 ). A high degree of variation of measurements from the estimated regression line was apparent for relative granulocyte and L/M counts, absolute eosinophilic and neutrophilic granulocyte counts (dog only), absolute L/M counts (dog and horse), and PLT and reticulocyte counts (dog and cat) (Tables 5-7 ). Significant deviations of estimated regression lines from the bisectors of the angle were demonstrated for relative neutrophilic granulocyte and L/M counts in the dog and horse. Equality of both methods was inferred for the remaining majority of parameters. 
